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I, Introduction
In the standard expositions1-2 on unimolecular reaction rates there is little discussion of the effect of quantum mechanical tunneling. This is due partly to the fact that traditional ways of studying such reactions (e.g,, thermal excitation, cf. the Lindemann mechanism) tend to obscure subtleties of the reaction dynamics such as tunneling, state-specific effects, etc. Also, very seldom has one had much quantitative information about the potential energy surfaces (i.e., barrier heights and other properties of the transition state) for these reactions, so that these parameters have traditionally been adjusted to fit the data, and this can also hide specifics of the dynamics.
Both of these situations are beginning to change, however, as molecular beam and a variety of laser methods make it possible to study unimolecular processes under near-ideal, collisionless conditions, where the molecule of interest is excited to an extremely well-defined initial state and then reacts without other competing processes.3"5 These studies require more rigorous dynamical descriptions in order to understand the variety of phenomena seen at this new level of de- tail. Also, one is beginning to have usefully reliable ab initio quantum chemistry calculations for transitionstate properties of the reacting molecules. 6, 7 The purpose of this paper is to review the role of tunneling in unimolecular reaction rates. (Tunneling in gas-phase species can also manifest itself as splitt ings of spectral lines-particularly so for symmetric isomerizations-and though not explicitly discussed in this review, this phenomena can also be treated by the theoretical methods described herein. The tunneling splitting in malonaldehyde is an excellent example of this. 8'9) Since the state-specific character of unimolecular reactions is intimately involved with tunneling effects, this feature of unimolecular reactions is also discussed. Though I will try to keep the discussion as generally applicable as possible, it will be useful to illustrate a number of points with the specific unimolecular reaction for which the significance of tunneling H2CO -H2 + CO (1) and state-specificity have been most strongly established. This is an ideal example because so much de H{px,x,py,y)
Mode y is harmonic, but the potential vx(x) is as sketched in Figure 1 ; x is thus the reaction coordinate constant k(E,J) for J = 0 as a function of total energy E (relative to the classical threshold). 18 The dashed line in Figure 3 Figure 5 shows an example30 of these experimental results, the decay rate ks as a function of the electric field strength, for a particular ro-vibrational state of Sx of D2CO. The observed structure is assumed4 to be due to the fact that the levels of S0* constitute a "lumpy continuum"; i.e., the broadened levels \E[] are sufficiently sparse (cf. Figure 4 ) that they do not overlap and form a "smooth continuum" into which the state |s) decays. This quantity is shown in Figure 6 , as a function of energy relative to the classical threshold, for J above the classical threshold for the reaction. 40 If the curvature correction of the tunneling probability is smaller than this, then one has some confidence that this model will be able to described it at least semiquantitatively. As noted above, the curvature correction to the tunneling probability given by eq 2.24-2.26 for the formaldehyde dissociation is less than a factor of 2.
Other, more sophisticated and accurate models42,43 for describing the effects of reaction path curvature are described in Schatz' paper12 in this volume on tunneling in bimolecular reactions. They can also be applied to the present unimolecular case. 
III. State-Specific Unimolecular Reactions
As discussed in section IIB, the "ultimate" description of a unimolecular reaction, theoretically and experimentally, is the determination of the unimolecular rate constants for individual quantum states of the reactant molecule, i.e., the determination of the energies and lifetimes of the "metastable eigenstates". ( To illustrate state specificity, particularly for a tunneling system, it is useful to consider the two-oscillator model system discussed in section IIB. Figure 8 Figure 9 , with a stronger coupling.
that the two oscillators are uncoupled, i.e., for the Hamiltonian of eq 2.6. This shows the extreme limit of state-specificity; i.e., states with essentially the same energy have vastly different decay rates.
[The reader is referred to the original paper23 for the details of these calculations. They are rather straightforward quantum mechanical basis set calculations, and they use the complex scaling method44 to determine the energies and decay rates. Such "brute force" quantum mechanical calculations are only feasible for two or'perhaps three vibrational degrees of 
